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(57) ABSTRACT 
The invention is a method of formation and a structured 
packing for a fluid exchange column, which defines an 
exchange Surface for at least one descending liquid phase to 
be placed in intimate contact with at least one ascending 
gaseous phase. The packing comprises a stack of plates hav 
ing undulations, each plate being contained in a space 
included between two parallel planes L1 and L2 separated by 
a value of between 5 and 50 mm. The undulations are distrib 
uted on both sides of a centerplane Pseparating the space into 
two equal parts and form a series of channels which extend 
along a direction D. The channels comprise wings contained 
in the space included between the two parallel planes. Each 
wing is composed of a strip B punched out in one of the 
channels according to at least two grooves C1 and C2. The 
width of the strip between the two grooves is between 1 and 
15 mm. The strip B is stamped/embossed to create an orifice 
forming a discontinuity in the Surface of the channel at the 
level of the two grooves C1 and C2. 

22 Claims, 5 Drawing Sheets 
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HIGH PERFORMANCE STRUCTURED 
PACKING FOR FLUIDEXCHANGE COLUMN 

AND FABRICATION METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates to the field of equipment for 
transfer between fluids. 

DESCRIPTION OF THE PRIOR ART 

Contact columns provide the transfer of mass or heat 
between fluids. This type of equipment for contacting fluids is 
widely used to perform distillation, rectification, absorption, 
heat exchange, extraction, chemical reaction operations, etc. 

Contact columns generally comprise a cylindrical enclo 
Sure equipped with internal contact elements promoting the 
transfer between fluids. In the column, the fluids can circulate 
in a co-current or a counter-current flow mode. In general, the 
column makes it possible to place in intimate contact an 
ascending gaseous phase with a descending liquid phase. The 
contact elements, which increase the contact surface between 
the fluids, can be trays or structured packings, that is, the 
elements provide the juxtaposition of a number of unified 
elements fit in an ordered fashion, for example, undulated 
sheets, or random packings, that is, random stacks of unitary 
elements, for example, rings, spirals. 

Structured packings can be constructed of bent sheets 
arranged in an organized fashion in the form of large blocks as 
described in U.S. Pat. Nos. 3,679,537 and 4,296,050. New 
generation random packings general comprise metal ele 
ments provided with perforations and arched sections of 
Sophisticated shapes. 

FIG. 1 shows the experimental results obtained for a 3" 
generation random packing and a structured packing. FIG. 1 
represents the ratio between the effective area ae and the 
geometric area ag for a packing as a function of the flooding 
factor Fc. The effective area ae corresponds to the actual area 
available to realize the gas/liquid contact in the packing. The 
values of effective area are normalized by the geometric area 
of the packing ag, the geometric area corresponds to the total 
area developed by the packing. The flooding factor Fc is the 
ratio of the flow of gas circulating through the packing and the 
flow of gas corresponding to the flooding limit. Flooding 
corresponds to the operating limit of the contact column 
provided with a packing, that is, the maximum gas flow that 
can be passed through the column for a constant liquid flow in 
the case of a counter-current flow. It is seen that in the case of 
the random packing (values indicated by round symbols), the 
ratio ae?ag is very quickly greater than 1 and reaches values 
close to 2 when flooding is approached. This result, ae?ag>1. 
is explained by the fact that the physical Support of the pack 
ing is not continuous. Thus, to pass from one element to the 
other, the liquid phase must separate and fragment into the 
form of droplets, which creates the Supplemental exchange 
Surface. Contrariwise, in the case of a structured packing 
(values indicated by triangular symbols), one observes that 
the ratio ae/agalmost never reaches the value 1. This result is 
explained by the fact that the flow of the liquid phase flows in 
the form of a liquid film which trickles throughout the pack 
ing without ever achieving full-wetting. The ratio ae?ag is 
therefore favorable to the use of random packings for a given 
geometric area. On the other hand, due to their geometric 
organization, structured packing develop specific Surfaces, 
that is, the geometric Surface of the packing available per unit 
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2 
Volume, significantly higher than those of the random pack 
ings, for the same hydraulic capacity. 

SUMMARY OF THE INVENTION 

The present invention combines the advantages of struc 
tured packings which have a significant specific area and the 
advantages of the latest generation random packings which 
provide an efficient area which is useful to mass transfer far 
greater than their geometric area. 
The invention is a structured packing constructed to have 

characteristics of random packings inducing in particular 
separation of liquid from the Surface of the packing and 
allowing development of an effective area significantly 
greater than its geometric area. 

In general, the invention comprises a structured packing of 
an exchange column defining an exchange Surface for at least 
one liquid phase which intimately contacts at least one gas 
eous phase. The packing comprises a stack of plates provided 
with triangular undulations, each plate being contained 
between two parallel planes at a distance of a value between 
5 and 50 mm. These undulations form a series of channels 
provided with wings contained between the two parallel 
planes. Each of the plates has at least one strip stamped in one 
of the plates with the width of the strip being between 2 and 20 
mm. The strip is fixed to the plate by its two ends and the strip 
is formed in a triangle to obtain a more or less triangular form 
with respect to a central plane of the two planes and in Such a 
way as to create an orifice forming a discontinuity on the 
surface of the plate. 
The total surface of the wings can make up between 20% 

and 50% of the total surface of the plates of the structured 
packing. 
The direction of the channels of a plate can form an angle 

between 20° and 90° with respect to the direction (D) of the 
channels of an adjacent plate. 

Each wing can have an apex at a distance of at least 2 mm 
from the two plates. 

Each end of the strip forms an angle of between 85° and 95° 
with the plate. 
The wings which are distributed along a channel can have 

different shapes. 
The strip can have an elongated shape whose principal 

direction is oriented along an angle more or less than 90° with 
respect to the direction of the channels. 
The plates can be made of at least one of the materials 

selected among metallic materials and thermoplastic polymer 
materials. 
The invention also relates to a fluid exchange column com 

prising a plurality of blocks comprising structured packing in 
which the direction of the channels of the packings is oriented 
according to an angle of between 10° and 75° with respect to 
the axis of the column and in which the central planes of the 
structured packing of one of the blocks form an angle of 
between 20° and 90° with respect to the central planes of the 
adjacent blocks. 
The contact column according can be applied to the dea 

cidification of a natural gas, the decarbonation of flue gas or 
to tail gas treatment downstream from a Claus process. 
The invention also relates to a fabrication method for a 

structured packing of a fluid exchange column, involving the 
following steps: 

a) stamping a plate made of deformable materials; 
b) bending the plate so as to form triangular undulations 

contained between two parallel plates (L1, L2) at a dis 
tance of a value between 5 and 50 mm, the undulations 
forming a series of channels; 
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c) stamping at least one strip in the plate, the width of the 
strip (B) being between 2 and 20 mm and the strip is 
fixed to the plate by its two ends (E1, E2); 

d) deforming the Strip (B) to create a wing forming an 
orifice providing a discontinuity of the plate Surface and 
to obtain a triangular shape symmetrical to an initial 
form with respect to a central plane of the two planes 
(L1, L2), the deformed strip (B) being contained 
between the two parallel planes (L1, L2); 

e) repeating steps c) and d) to form a number of wings on a 
plate; 

f) Stacking plates obtained from steps a) through e) to 
obtain an orderly assembly of plates; 

g) machining the orderly assembly to form a structured 
packing block (B1-B4) conforming to the internal 
dimensions of the column. 

The packing structures according to the invention permit 
an increase in capacity to pass larger flows, gas or liquid or 
two fluids in the contact column. This increase in capacity can 
be used for revamps to increase operating flow of the function 
of the existing contact columns by replacing the internal 
packings of these columns with new packings according to 
the invention. This makes it possible to avoid having to con 
struct a new column. In the case of new installations, the 
packings according to the invention make it possible to 
decrease the diameter of the contact columns and/or to 
decrease the height of the packing and, therefore, the size of 
the column. In both cases, the goal is to achieve a reduction in 
investment costs. 

Further, the packing structures according to the invention, 
allow an increase in efficiency, that is, maximizing the area by 
unit volume actually available for gas/liquid contact. The 
increase in efficiency makes it possible to decrease the height 
of the packing necessary for a given performance level and 
therefore an increase in the size of the contact column. 

In addition, the increased capacity of the packings accord 
ing to the invention can also have an impact on operating 
costs. In fact, in certain applications, such as the reactive 
absorption done particularly for the desacidification of Claus 
treatment tail gas, the proper operation of the contact column 
is guaranteed by a minimum liquid flow value per Surface 
unit. The use of the structured packings of the invention 
permit, for a given gas flow, a reduction of the diameter of the 
column. Maintaining a constant liquid flow per Surface unit 
makes possible decreasing the total liquid flow. Conse 
quently, the operating costs associated with the circulation of 
the liquid are lowered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other characteristics and advantages of the invention will 
be more fully understood and will appear clearly after reading 
the following description referring to the drawings, includ 
1ng: 

FIG. 1 shows a diagram comparing the properties of a 
structured packing and a random packing; 

FIG. 2 is a schematic representation of a plate with trian 
gular undulations; 

FIG.3 shows a cut-away strip in a channel of an undulated 
plate; 

FIGS. 4A and 4B represent channels provided with wings 
with different shapes; 

FIG. 5 is a schematic drawing of an undulated plate pro 
vided with triangular wings; 

FIG. 6 is a schematic drawing of a structured packing; 
FIG. 7 is a schematic drawing of a contact column; and 
FIG. 8 represents an assembly of structured packings. 
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4 
FIG. 2 represents a sheet or undulated plate of the base of 

the structured packing according to the invention. These 
undulations are framed between two relatively close parallel 
planes L1 and L2. The distance h separating L1 from L2 can 
be between 5 mm and 50 mm, preferably greater than 7 mm, 
and most preferably between 7 mm and 20 mm. The central 
plane P divides the space between L1 and L2 into two equal 
parts. In FIG. 2, the undulations are in the form of triangles 
and are distributed on both sides of the central plane P: one 
part of the undulations is located on one side of the plane P 
and the other part of the undulations is located on the other 
side of the plane P. Preferably, apexes of the triangles forman 
angley between 85° and 95°. The undulations form a series of 
channels which extend in the direction indicated by the arrow 
D. The channel CA1 is located above the plane P. The channel 
CA2, which is contiguous to the channel CA1, is located 
below the plane P. Preferably, undulations are chosen that 
generate/create channels which touch or contact the planes 
L1 and L2 without crossing the space defined by the section of 
plane defined by planes L1 and L2. Thus, the undulated sheets 
occupy a maximum surface in the section of plane defined by 
the planes L1 and L2. 
The undulated sheets can be obtained by cold or hot stamp 

ing, by bending or by hot forming of a flat sheet. The undu 
lated sheets can also be obtained by extrusion using a die. 

Preferably, the undulated sheets are made of metal, for 
example, Steel, because steel is a material with good mechani 
cal stability and which is available at a low price. However, it 
is also possible to realize the undulated sheets in polymer, 
thermoplastic or thermosetting materials which may be 
optionally reinforced with glass, carbon or aramid fibers. 

Plates can be used with a smooth surface. It is also possible 
to use plates with an embossed surface, that is, a Surface 
which has roughness whose largest dimension is less than 3 
mm, that is 1 mm. 

According to the invention, the undulated sheets are modi 
fied to form the wings which create surface discontinuities on 
the sheets. FIG. 3 represents a portion of a channel of an 
undulated plate. A strip B is stamped according to the grooves 
C1 and C2. The strip B is fixed to the plate at its ends E1 and 
E2. 

In FIG. 3, the strip B is located below the central plane P. 
The strip B can have different shapes, for example, rectangu 
lar or trapezoidal. According to the invention, the strip B has 
been deformed to create a discontinuity on the surface of the 
sheet at the level of the grooves C1 and C2. Each discontinuity 
provides an opening in the undulated plate. The fact that the 
wing is continuous and fixed by its two ends E1 and E2 to the 
undulated plate makes it possible to minimize the possibility 
of creating bridges due to capillary effect, where liquid would 
not be renewed. 

FIGS. 4A and 4B represent a strip B that has been 
deformed. The deformation is limited by the fact that the strip 
does not exceed the space located between the planes L1 and 
L2. In that way the undulated sheet only occupies the avail 
able space between these two planes L1 and L2, and can 
easily be stacked on another undulated sheet having the same 
characteristics. The strip B is deformed in such away that it is 
positioned above the plane P. in the positions illustrated in 
FIGS. 4A and 4B. In other words, the strip B is deformed in 
Such a way that at least one part of the strip crosses the plane 
P. After deformation, the strip B is located on the side of the 
plane opposite to the side where the strip B was positioned in 
its initial position. The wing, which is a deformed Strip, is 
located at least in part on the opposite side, with respect to the 
plane P to the position of the channel in which the strip was 
embossed. In that way, the wings occupy the free space in the 
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channels formed by the undulations and increase the Surface 
of the packing which is actually usable for the exchange of 
fluids. The FIGS. 4A and 4B illustrate a strip B deformed into 
a triangular form which is symmetrical to its initial form 
relative to the central plane P. 

Preferably, the apexes of the triangles formed by the wings 
do not touch the planes L1 and L2 in order to minimize the 
contact points between two adjacent plates. The apexes can be 
at a distance from 2 mm to 4 mm, from planes L1 and L2. 

In the plane perpendicular to the direction D of the chan 
nels, at the level of the fasteners E1 and E2 of the wings, the 
Surface of the wing forms an angle 0 with the plate. According 
to the invention, the angle 0 is between 85° and 95°. In general 
0 is about 90°. 

Preferably, the surface of the wings has a direction parallel 
to the direction D of the channels. In that way, the wings do 
not obstruct or they minimally block the flow of the fluids in 
the channels of the undulated plates. This fact plays a role in 
minimizing the head loss of fluids flowing through a struc 
tured packing comprising these plates. 

The undulated sheet having wings according to the inven 
tion develops the same specific geometric area as the same 
undulated sheet without a wing because there is no material 
shrinkage when the wings are created. In that way, a struc 
tured packing according to the invention has the same geo 
metric area as a standard structured packing. The presence of 
the wings in the structured packings of the invention forces 
the liquid film flowing to the surfaces of the channels to flow 
in the form of drops at the level of the surface breaks created 
by the presence of the wings. Thus, the wings according to the 
invention maximize the surface useful for contact between 
the gas and the liquid circulating in the structured packing. 

Further, the wings guarantee proper agitation of the gas 
flow, which promotes the mass transfer between the gas and 
the liquid which are contacted in the structured packing of the 
invention. To promote agitation, the form of one wing is 
different from that of the adjacent wings along the same 
channel. The alternation of the shapes of the wings along the 
channel plays an active role in agitating the flow and in 
mixing the circulation phases along the channel. 

In order to actually create a breakage of the liquid film, the 
grooves allowing the formation of wings are oriented in an 
angle between 20° and 90° with respect to the direction D of 
the channels. Preferably, the wings form a strip whose edges 
form an angle substantially equal to 90°, as illustrated in FIG. 
4A. These grooves can be substantially parallel. With refer 
ence to FIG. 4B, the strip B has been embossed in a plate 
according to two grooves C1 and C2 which are not parallel. 
The groove C1 forms an angle C. which is 90° with respect to 
the direction D of the channel. The groove C2 forms an angle 
B which is 70° with respect to the direction D of the channel. 

In order for the wings to fully provide their function, the 
width L of the strips B is greater than 2 mm and preferably is 
greater than 4 mm, in order to avoid capillary effects which 
will close the orifices formed on the surface of the channels by 
the deformed strips B. In order to promote flow in the form of 
liquid film on the surface of the channels and a flow in the 
form of drops in the space left free by the deformed strips, it 
can be provided that the width of the strips B is less than 20 
mm and preferably less than 15 mm. The undulated plate has 
a minimum space between the wings. Preferably, a space A of 
between 0 and 5 mm is between two wings with space Abeing 
measured in the direction of the channels. The total surface of 
the wings, that is, the surface of the strips Bembossed in the 
undulated sheets can be greater than 20%, and preferably is 
less than 50% of the total surface of the sheet, in order to 
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6 
obtain good performance. An excellent value of the total 
surface of the wings is between 40% and 50% of the total 
surface of the plate. 

FIG. 5 gives an example of an undulated sheet provided 
with a plurality of wings. A comprising a triangular profile, 
similar to those described in FIG. 4A. On an undulated sheet, 
the wings can be identical in order to optimize and facilitate 
the manufacturing process. 
The undulated sheets provided with wings are stacked to 

form a structured packing. Preferably, the direction of the 
channels of an undulated sheet is shifted with respect to the 
direction of the channels of the adjacent sheets, for example, 
by an angle between 20% and 90% and preferably is an angle 
having a value more or less close to 90%. FIG. 6 represents a 
structured packing comprising undulated sheets following a 
triangular motif. 

FIG. 7 illustrates a contact column 30 comprising a cylin 
drical enclosure 31 closed by base pieces 32 and 33. A fluid, 
for example gas, is introduced to the base of the column by the 
duct 34. Another fluid, for example a liquid, is introduced to 
the top of the column by the duct 35. These two fluids come 
into contact with the space located between the feeds of the 
column by ducts 34 and 35. In order to improve the contact 
and to promote mass or heat transfer, the column 30 is pro 
vided with an internal packing at the height H which can reach 
several dozen meters. According to the invention, the struc 
tured packing is comprised of undulated sheets equipped with 
wings, for example described with reference to FIG. 5 and 
disposed, for example, according to an arrangement 
described with reference to FIG. 6. Preferably, according to 
the invention, a packing is used comprising blocks B1, B2, B3 
and B4 in which the channels are oriented differently from 
one block to the other. In general, the plates constituting the 
structured packings are arranged so that the direction of the 
channels formed by the undulations forms an angle between 
10° and 75, with respect to the vertical. An excellent value of 
this angle is between 20° and 45°. In addition, the plates of a 
block are offset with respect to the adjacent blocks. In gen 
eral, the center planes of the plates of a block form an angle 
between 20° and 90° which is frequently equal to 90°, with 
respect to the center planes of the plates comprising an adja 
cent block. FIG. 8 represents two adjacent blocks formed 
from plates having triangular undulations. The lower struc 
ture packing block has plates offset 90° with respect to the 
plates of the upper structure packing block. Also, with refer 
ence to FIG. 7, the heighth of a block can be limited to a limit 
value, for example between 50 and 500 mm, and preferably 
between 100 and 400 mm by introducing blocks in the cylin 
drical enclosure during the assembly of the column. This 
alternation of orientation of the channels of the different 
blocks, associated with a limited height for each block, makes 
it possible to permanently redistribute the liquid by avoiding 
preferring one direction of flow. Thus, it is possible to avoid 
concentrating the liquid on the internal wall of the enclosure 
31, which will cause a decrease in the contact area. 
The packing according to the invention can be used for the 

deacidification of natural gas, the decarbonation of flue gas 
and for the treatment of Claus tail gas. In these applications, 
the gas to be treated is placed in contact with a liquid absor 
bent solution in a contact column equipped with a packing 
according to the invention. 
The numeric example below makes it possible to compare 

a structured packing according to the invention compared to 
the structured packings and to the random packings of the 
prior art. 
The packings are used in a deacidification process for a gas 

containing 10% by volume of CO. The gas to be treated 
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having a flow of 350,000 Nm/h is placed in contact with an 
aqueous solution of amines in a column containing an internal 
packing. The absorption column is designed in Such a way to 
be able to absorb 90% of CO. The results obtained by a 
column equipped with a structured packing according to the 
invention, a column equipped with a structured packing 
according to the prior art (MELLAPAK 250.Y packing mar 
keted by the company Sulzer-Chemtech) and a column 
equipped with a random packing according to the prior art 
(IMTP50 packing marketed by the company Koch Glitsch) 
are compared. The three packings are chosen so as to offer the 
same hydraulic capacity. In that way, an identical column 
diameter for the three packings can be set. In this case, only 
the height of the packing in the column plays a role in the 
performance of the contact column 
The height of the packing necessary for each of the three 

cases to absorb 90% of CO contained in the gas is calculated. 
The results are shown in 

TABLE 1. 

ag (mi?m) ae (m/mi) aelag height (m) 

Random packing 120 212.4 1.77 26.2 
(prior art) 
Structured packing 250 230 O.92 24.2 
(prior art) 
Structured packing 18O 270 1.5 20.6 
according to the 
invention 

It is observed that the replacement of current packings by 
the packings according to the invention allows a volume 
decrease of 15% compared to the case of the structured pack 
ing, and down to 21% compared to the case of the random 
packing. 

The invention claimed is: 
1. A structured packing of a fluid exchange column defin 

ing an exchange Surface for at least one liquid phase to be 
placed in intimate contact with at least one ascending gaseous 
phase, comprising a stack of plates including triangular undu 
lations, each plate being contained between two parallel 
planes at a distance of between 5 and 50 mm, the triangular 
undulations forming a series of continuous and triangular 
channels including wings projecting from the continuous and 
triangular undulations contained between the two parallel 
planes, each of the wings, being composed of a strip fabri 
cated in one of the channels, a width of each strip being 
between 2 and 20 mm, each strip being fixed to the plate by 
two ends thereof and each strip being triangular in shape to 
provide a triangular form symmetrical relative to an initial 
form prior to fabrication thereof with respect to a central 
plane of the two parallel planes to create an orifice forming a 
discontinuity on a Surface of each plate. 

2. A packing according to claim 1, wherein a total Surface 
of the wings comprises between 20% and 50% of a total 
surface of the plates. 

3. A packing according to claim 1, wherein a direction of 
the channels of each plate forms an angle between 20° and 90° 
with respect to a direction of the channels of an adjacent plate. 
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4. A packing according to claim 2, wherein a direction of 

the channels of each plate forms an angle between 20° and 90° 
with respect to a direction of the channels of an adjacent plate. 

5. A packing according to claim 1, wherein each wing has 
an apex at a distance of at least 2 mm from the two parallel 
planes. 

6. A packing according to claim 2, wherein each wing has 
an apex at a distance of at least 2 mm from the two parallel 
planes. 

7. A packing according to claim 3, wherein each wing has 
an apex at a distance of at least 2 mm from the two parallel 
planes. 

8. A packing according to claim 4, wherein each wing has 
an apex at a distance of at least 2 mm from the two parallel 
planes. 

9. A packing according to claim 1, wherein each end of 
each strip forms an angle of between 85° and 95° with the 
plate containing the Strips. 

10. A packing according to claim 2, wherein each end of 
each strip forms an angle of between 85° and 95° with the 
plate containing the Strips. 

11. A packing according to claim 3, wherein each end of 
each strip forms an angle of between 85° and 95° with the 
plate containing the Strips. 

12. A packing according to claim 4, wherein each end of 
each strip forms an angle of between 85° and 95° with the 
plate containing the Strips. 

13. A packing according to claim 5, wherein each end of 
each strip forms an angle of between 85° and 95° with the 
plate containing the Strips. 

14. A packing according to claim 6, wherein each end of 
each strip forms an angle of between 859 and 95° with the 
plate containing the Strips. 

15. A packing according to claim 7, wherein each end of 
each strip forms an angle of between 85° and 95° with the 
plate containing the Strips. 

16. A packing according to claim 8, wherein each end of 
each strip forms an angle of between 85° and 95° with the 
plate containing the Strips. 

17. A packing according to claim 1, wherein wings along a 
channel have different shapes. 

18. A packing according to claim 1, wherein the strip is 
elongated along a principal direction oriented at an angle 
substantially equal to 90° with respect to a direction of the 
channels. 

19. A packing according to claim 4, wherein the strip is 
elongated with a principal direction oriented at an angle Sub 
stantially equal to 90° with respect to a direction of the chan 
nels. 

20. A packing according to claim 1, wherein the plates 
comprise at least one of metal, thermoplastic and thermoset 
ting polymer materials. 

21. A packing exchange column including a plurality of 
blocks comprising a structured packing according to claim 1. 

22. A use of a column according to claim 21 comprising 
one of basifying natural gas, decarbonating Smoke or treating 
gas with a Claus process. 
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